The spherically symmetric solution for the weak field limit of f (R) gravity in the large scale is investigated. It is shown that, in the weak field limit, the standard Newtonian potential is corrected by a small term which reduces to zero when coupling constant tends to zero. For the considered models, we determine the space-time metric which reduce to general relativity in the zero order limit.
Introductions
Observations on supernova type Ia [1] , cosmic microwave background [2] and large scale structure [3] , all indicate that the accelerated expansion of the universe is not proceeding as predicted by general relativity. This acceleration may be due to some unknown energy momentum component having the equation of state p = ωρ [4, 5, 6, 7, 8, 9, 10] . Also, an interesting approach is f (R) theories of gravity which generalize the geometrical part of Hilbert-Einstein lagrangian [11, 12, 13, 14, 15] . In this paper, we are interested in the f (R) gravity possibility. One possible proposal is to add a 1 R term to the Hilbert-Einstein action [12] . This term gives rise to a vacuum solution with constant curvature, the de Sitter space-time. In this paper, we investigate the spherically symmetric solution of a class of f (R) theory of gravity such as f (R) = R + h(R). For the considered models we determine the space-time metric which reduce to general relativity in the → 0 limit, and we find out that, in the weak field limit, the deviation from standard Newtonian potential is very small and the shape of this correction depend to the h(R).
f(R) GRAVITY
The action that define f (R) gravity is the following
where f (R) is a function of Ricci scalar and L m is matter Lagrangian. For a class of f (R) models such as f (R) = R + h(R), variation with respect to metric yields gravitational equations as
where ϕ(R) = dh(R)/dR, T µν is energy-momentum tensor and ≡ ∇ α ∇ α . Contracting field equation (2) we can obtain
This equation is very useful, because we can use the answer of it for obtaining the metric of space time. In this work we will discuss the limit → 0. It is obviously seen that, if = 0, then field equations (2) reduce to Einstein's equations. So we expect in the limit → 0, solutions of field equations (2) tend smoothly to that of Einstein's equations, such that in vacuum reduce to the Schwarzschild metric. We are interested in spherically symmetric, time independent solutions of field equations. Hence we shall do our work with general spherically symmetric metric of the form
Adopting the metric (4), field equations (2) 
then in Eqs.(2, 3) we may neglect the h(R)/ϕ(R) term. For many f (R) models, for example h(R) = 1/R, R ln R, ln R, this condition is satisfied. So, assuming condition (5), we may rewrite trace equation (3) as
Furthermore rr and tt components of field equations (2) become
where ( ) indicate a derivation with respect to r and in Eqs. (6, 7, 8) we kept only the leading terms.
f (R) = R

1+
Since we are interested in the limit → 0 we may expand f (R) = R 1+ around = 0. Hence f (R) = R + R ln | R |, and definitions lead to
It is clear that h(R) satisfy the condition (5). Inserting ϕ(R) from Eq. (8) in the trace equation (6), we obtain an equation for Ricci scalar. Solving the obtained equation leads to
Inserting R from the above equation in the r.h.s of Eqs (7, 8) gives a, b as
where M is a constant which is obtained from matching the external and internal solution of field equation. Therefore the space time metric for empty space in this model is
At this state, we can provide the solution in term of gravitational potential. In the weak field limit, g tt coincides with the gravitational potential. Actually, since g tt = 1 + 2Φ G , the generalized gravitational potential of this model of f (R) gravity is
For this model we may write
which h(R) satisfy the condition (5). Inserting ϕ(R) from the above equation in to the trace equation (6) we obtain R = 7αµ
where α 3 = 4/147. Inserting R from the above equation in to Eqs. (7, 8) leads to
where M is a constant. Therefore the space time metric for empty space in this model is
Thus we find a class of solution for 1/R model that differs form other solutions which has represented in [12, 17] . From Eq. (17) it is clear, though in the limit µ → 0, R → 0, there is no singularity in field equations because µ 4 /R 2 tends to zero too. Also one can check neglecting R , G µν and g(R)/ϕ(R) in Eqs. (6, 7, 8) is reasonable. So that the modified gravitational potential of this model of f (R) gravity is
f (R) = R + ln R
For this model ϕ(R) = 1/R. Solving trace equation (6) and field equations (7, 8) we obtain
and
we see in the weak field limit, the generalized Newtonian potential is
Note that this generalized gravitational potential has two terms. The first term of that is the standard Newtonian potential, but the second term show a constant acceleration, ∓ 1 2 6 , which is independent of the mass of star. In the solar system, one can correspond this constant acceleration to the well known Pioneer's anomalous [18] . By constrain this constant acceleration with observed value of a P = (8.74 ∓ 1.33) × 10 −10 m/s 2 , we obtain 10 −52 m −2 .
Discussion
In this paper we used from the metric formalism of f (R) gravity for obtaining some generalized quantity in modern cosmology. We have investigated the spherically symmetric solution for some models of f (R) gravity. We have determined the metric for space-time for a class of f (R) gravity such as f (R) = R + h(R). We have shown for some models which satisfy the condition lim R→o h(R) h (R) → o , the obtained metric of the space time reduces to the metric of general relativity in the → 0 limit. Also the metric which has been found, differ slightly form general relativity, so it's predictions in solar system tests is approximately similar to general relativity results. Also we have shown that the vacuum solution in the solar system depends upon the shape of matter distribution which is different from general relativity. Besides, we found that in the weak field limit the deviation from standard Newtonian potential is very small and tends to zero when → 0.
